The quantum calculus on finite intervals was studied recently by the authors in Adv. Differ. Equ. 2013Equ. :282, 2013, where the concepts of q k -derivative and q k -integral of a function f : J k := [t k , t k+1 ] → R have been introduced. In this paper, we prove existence and uniqueness results for nonlinear second-order impulsive q k -difference three-point boundary value problems, by using Banach's contraction mapping principle and Krasnoselskii's fixed-point theorem.
Introduction
In this article, we investigate the nonlinear second-order impulsive q k -difference equation with three-point boundary conditions where  = t  < t  < t  < · · · < t k < · · · < t m < t m+ = T, f : J × R → R is a continuous function,
, η ∈ (t j , t j+ ) a constant for some j ∈ {, , , . . . , m} and  < q k <  for k = , , , . . . , m.
The theory of quantum calculus on finite intervals was developed recently by the authors in [] . In [] the concepts of q k -derivative and q k -integral of a function f : J k := [t k , t k+ ] → R, are defined and their basic properties proved. As applications, existence and uniqueness results for initial value problems for first-and second-order impulsive q k -difference equations are proved.
The book by Kac and Cheung [] covers many of the fundamental aspects of the quantum calculus. In recent years, the topic of q-calculus has attracted the attention of several researchers and a variety of new results can be found in the papers [-] and the references cited therein.
©2014
Tariboon and Ntouyas; licensee Springer. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.
Impulsive differential equations, that is, differential equations involving an impulse effect, appear as a natural description of observed evolution phenomena of several realworld problems. For some monographs on impulsive differential equations we refer to [-] .
In the present paper we prove existence and uniqueness results for the impulsive boundary value problem (.) by using Banach's contraction mapping principle and Krasnoselskii's fixed-point theorem. The rest of this paper is organized as follows: In Section  we present the notions of q k -derivative and q k -integral on finite intervals and collect their properties. The main results are proved in Section , while examples illustrating the results are presented in Section .
Preliminaries
In this section we present the notions of q k -derivative and q k -integral on finite intervals. For a fixed k ∈ N ∪ {} let J k := [t k , t k+ ] ⊂ R be an interval and  < q k <  be a constant. We define q k -derivative of a function f : J k → R at a point t ∈ J k as follows.
Definition . Assume f : J k → R is a continuous function and let t ∈ J k . Then the expression
is called the q k -derivative of function f at t.
In addition, we should define the higher q k -derivative of functions.
The properties of the q k -derivative are summarized in the following theorem.
(ii) For any constant α, αf :
Note that if t k =  and q k = q, then (.) reduces to the q-integral of a function f (t), defined by
Theorem . For t ∈ J k , the following formulas hold:
(ii)
Main results
is continuous everywhere except for some t k at which x(t
is a Banach space with the norm x PC = sup{|x(t)|; t ∈ J}.
Lemma . The unique solution of problem (.) is given by
with < (·) = .
Proof For t ∈ J  , taking the q  -integral for the first equation of (.), we get
For t ∈ J  we obtain by q  -integrating (.),
In particular, for
Using the third condition of (.) with (.), it follows that
Taking the q  -integral to (.) for t ∈ J  , we obtain
Applying the second equation of (.) with (.) and (.), we get
Repeating the above process, for t ∈ J, we get
The first boundary condition of (.) implies A = . The second boundary condition of (.) yields
Substituting the constant B into (.), we obtain (.) as required.
In view of Lemma ., we define an operator
It should be noticed that problem (.) has solutions if and only if the operator A has fixed points. http://www.advancesindifferenceequations.com/content/2014/1/31
For convenience, we set
for k = , . . . , m.
Theorem . Assume that:
then the impulsive q k -difference boundary value problem (.) has a unique solution on J.
Proof First, we transform the problem (.) into a fixed-point problem, x = Ax, where the operator A is defined by (.). By using Banach's contraction principle, we shall show that A has a fixed point which is the unique solution of problem (.).
, where δ ≤ ε < , we show that AB r ⊂ B r , where B r = {x ∈ PC(J, R) :
It follows that AB r ⊂ B r . For x, y ∈ PC(J, R) and for each t ∈ J, we have
As < , A is a contraction. Hence, by Banach's contraction mapping principle, we find that A has a fixed point which is the unique solution of problem (.).
Our next result is based on Krasnoselskii's fixed-point theorem. 
